The RNA of hepatitis delta virus (HDV) 1682 nucleotides long, has been cloned from a human serum isolate. Comparison with the three complete published sequences shows that a region of the HDV genome, between positions 620 and 1350, which contains sequences involved in replication and possibly pathogenicity, is highly conserved.
Hepatitis delta virus (HDV) is a defective RNA virus which can only infect patients with acute or chronic hepatitis B virus (HBV). The virus can be experimentally transmitted to chimpanzees chronically infected with HBV (Rizzetto et al., 1980) and to woodchucks infected with woodchuck hepatitis virus (Ponzetto et al., 1984) . The HDV genome is a circular, single-stranded RNA molecule about 1700 nucleotides long and is strongly base-paired (Wang et al., 1986 (Wang et al., , 1987 Kos et al., 1986; Denniston et al., 1986; Makino et al., 1987; Kuo et al., 1988a) . Three groups have sequenced the complete genome using RNA isolated from chimpanzee serum (Wang et al., 1986 (Wang et al., , 1987 , woodchuck liver (Kuo et al., 1988a) or human serum (Makino et al., 1987) . Chimpanzee-derived HDV RNA is 1679 nucleotides long (Wang et al., 1986 (Wang et al., , 1987 and passage of this HDV strain through woodchucks showed only minor sequence changes (98-5~ homology) with no insertions or deletions (Kuo et al., 1988a) . The human-derived HDV sequence of Makino et al. (1987) is 1683 nucleotides long with 89 ~ homology to the chimpanzee-or woodchuckderived sequences. Several open reading frames (ORFs) are present on both the genomic and antigenomic strands. The longest ORF on the antigenomic strand has been shown to code for the delta antigen (HDAg). This antigen is associated with the HDV RNA, and antibodies to this antigen are a good marker of HDV infection. The other ORFs do not appear to code for any functional proteins.
We previously reported a partial HDV cDNA sequence, 380 nucleotides long, derived from the serum of a fulminant patient (Saldanha et al., 1987) ~ In this paper, we report the cloning and sequencing of the complete HDV genome derived from this isolate and compare it with the two published isolates from 0000-9426 © 1990 SGM chimpanzee serum (Wang et al., 1986 (Wang et al., , 1987 and human serum (Makino et al., 1987) .
HDV RNA was isolated from pelleted HDV particles as previously described (Saldanha et al., 1987) . Briefly, 3 ml of serum was overlaid on a 2 ml cushion of 20 (w/w) sucrose in phosphate-buffered saline A and HDV particles were pelleted by centrifugation at 190000 g for 5 h at 4 °C. The pellet was dissolved with proteinase K (0.5 mg/ml) and 2~o SDS in 50 m~-Tris-HC1 pH 7.5, 0-5 M-NaC1 and 10 mM-EDTA at 60 °C for 1 h, extracted with phenol-chloroform and ethanol-precipitated. Complementary DNA was prepared by random priming of the RNA and synthesis of the first strand with avian myeloblastosis virus reverse transcriptase at 43 °C for 90 min. The RNA-DNA complex was purified on a Sephadex G50 column and the second strand was synthesized with Klenow enzyme (Gubler & Hoffman, 1983) . The resulting cDNA was tailed with dGTP, annealed to dC-tailed pUC19 and used to transform competent DH5 cells (Saldanha et al., 1987) .
The initial cloning produced clone D380 (positions 46 to 419, using the numbering of Wang et al., 1986) 
772c-462c 462c -- Fig. 1 . HDV cDNA clones used to obtain the complete sequence of the genome. The numbering is the same as that of Wang et al. (1986) , in which the first nucleotide corresponds to a unique HindIII site, although this site is absent from the human HDV sequences. (Fig. 2) . The region between 620 and 1350 is highly conserved between the three sequences, showing 96 to 97 ~ homology (Fig. 2) . Three ORFs are present on the genomic and two on Fig, 4 . Comparison of the predicted amino acid sequence of the HDAg ORF with that of (a) the human HDV sequence of Makino et al. (1987) and (b) the chimpanzee HDV sequence of Wang et al. (1987) .
the antigenomic strand, and Fig. 3 shows a comparison with the ORFs of the published sequences. In contrast to the results of Wang et al. (1986 Wang et al. ( , 1987 who predict two polypeptides 195 and 214 amino acids long for the delta antigen (due to clonal heterogeneity), and Makino et al. (1987) who predict only the 214 amino acid species, our sequence, like that of Kuo et al. (1988 a) , predicts only the 195 amino acid species. The amino acid sequence is fairly well conserved between the reported isolates (Fig. 4) . These data represent the sequence of a second HDV isolated directly from the serum of a patient with severe hepatitis. The sequence differs from those derived from the chimpanzee or woodchuck HDVs and shows a closer homology with the published human-derived sequence of Makino et al. (1987) . The region of the genome (between positions 620 and 1350) that is highly conserved contains the self-splicing sites both on the genomic strand between nucleotides 685 and 686 (Kuo et al., 1988b , Wu & Lai, 1989 Wu et al., 1989) and on the antigenomic strand between nucleotides 900 and 901 Kuo et al., 1988b) . The ability to self-cleave in the absence of protein is part of the replication mechanism ofHDV RNA which occurs via a rolling circle model. In this respect, HDV is similar to a group of plant pathogens, the viroids and virusoids. These pathogens are small, circular single-stranded RNA molecules, about 250 to 400 nucleotides long, which do not code for any proteins (Riesner & Gross, 1985) . The viroid consensus sequences GAAAC and GAUUUU, which are essential for viroid replication (Diener, 1986; Forster & Symons, 1987) , are also present in the HDV genome; one of the consensus sequences (GAAAC, positions 735 to 755) is within the highly conserved region of the HDV genome. Other important sequences in this region are a long palindromic sequence (positions 735 to 755) which may be involved in initiation of replication of the RNA, sequences homologous to 7S RNA (positions 683 to 724 and 858 to 899) which may contribute to the cytopathic potential of this virus (Negro et aL, 1989) and the middle of the HDAg ORF which has recently been shown to bind very strongly and specifically to HDV RNA . Branch et al. (1989) have suggested that HDV RNA has a small, highly conserved domain, similar in size to viroids, and a protein-coding domain containing the HDAg ORF. A second conserved region in the HDV genome, between positions 1365 and 1565, lies within the HDAg ORF and has recently been shown to contain an immunodominant epitope (Saldanha et al., 1990) . The region of the genome from nucleotides 1 to 620 shows the most divergence (up to 16~ from the chimpanzee HDV sequence). No functions have been assigned to the ORFs in this region of the genome and further investigation of different isolates will be required to establish whether this region is involved in modulating pathogenicity.
